Templated assembly of pore-forming peptides in lipid membranes by Fennouri, Aziz et al.


 6.!3 3 D6
'+(* +(&*3+D6?,(!63&
.*0& 6)* ,7<(<?< ,(A67(<D .! 6(.?6% &+(, 7 6(67 $
'/8FF 6(.?6%
06<+,< .! (.*.%D ,(A67(<D .! 6(.?6% '/8FF 6(.?6%
# !!)  
  

#!    !
E(E ,,.?6( 	.,<&, 
(7< 	77( ?075?(6 
<(<( ,( <!,. ,,( 66
.<&,'?<(7&?76 , (&* D6
 .6'!.6+(,% 00<(7 6 .! (,<67< ? <. <&(6 ,<(+(6.(* <(A(<D , (*(<D <. !.6+ %<BD7
<&6.?%& *(0( ++6,73 &+(* +.(!(<(., .! <&7 00<(7 +)7 (< 0.77(* <. 66,% 7A6* 00<(
+.,.+67 (,<. B**'!(, 0.6'!.6+(,% 7<6?<?67 ?7(,% A6(.?7 <+0*<(,% 7<6<%(73 &7 <+0*< 7?06'
7<6?<?67 , C6< ,<(+(6.(* <(A(<D < 7(%,(!(,<*D *.B6 <.<* 00<( .,,<6<(., <&, <&(6 ?,<+0*<
5?(A*,<73 , (<(., <& &+(* +.(<(7 ?7 !.6 <+0*<(,% +D  !?,<(.,*(E <. (,<6< 70(!(**D
B(<& <6%< ++6,7 7?& 7 <&.7 .! 0<&.%,7 .6 ,6 **73  6,% .! +.*?*6 <+0*<7 &7 ,
C0*.6 (,*?(,% (+6(E<(., .! 0.6'!.6+(,% +.,.+67 <&(6 .A*,< <<&+,< <. D*.C<6(, 0.60&D6(,
.6 !?**6, 7!!.*7 7 B** 7 <<&+,< .! +(,. ( *(,)67 .6 ,?*( ( .,7<6?<7 <. %,6< 77+'
*(7 .! $ <. >9 00<(7 .6 06.<(,73 .+06 <. !6 00<( +.,.+67 <+0*< 0.6 77+*(7 7&.B
(,67 ++6, !!(,(<D 06.*.,% .0,'7<< *(!<(+7 .! <& 0.67 , +.6 !65?,< 0.6 !.6+<(., ?
<. &(%&6 *.* .,,<6<(.,3 &7 .,7<6?<7 6 ?7!?* +.* 7D7<+7 !.6 (.0&D7(* 7<?(7 <. ?,67<,
0.6(, , (., &,,* 06.<(,7 , <&(6 +&,(7+7 .! (,76<(., (,<. *(0( ++6,73 ,<*D 7(%, '
<+0*<7 6 C0,(,% <& ?7!?*,77 .! <+0*< 0.6 77+*(7 D., 00*(<(.,7 .! ** )(**(,% ,+D
(,*? <6%< 6?% *(A6D , *6< <& +6%(,% !(* .! 7(,%*'+.*?* <<(., , &6<6(E'
<(., .! (.+.*?*7 D ,,.0.6'7 67(7<(A 0?*7 7,7(,%3
)' !  .*(%.,?*.<(7 4 
(0( ++6, 4 .6'!.6+(,% 00<( .6 06.<(, 4 7(7<(A 0?*7 7,7(,%
4 +0*<
 # &#
QG06, N.$ ?HN N.G$$ #$ #$H" ?:G$/(:G506, 6N050 G:03
?$?N0#$H @HA .S$ ,N.$G$# 06 G$H06, NN$6N0:6 H ?:N$6N03
N.$G?$QN0 H= N: ##G$HH N.$ G$H0HN6 $ :( ?N.:,$6H N:  QGG$6N 6/
N00:N0 HC= "#"P HH G$ :(N$6  N0:60 " N.$V 06N$G N ?G$($G$6/
N033V T0N.  N$G03 5$5G6$H" T.0 . G$ 6$,N0S$3V  .G,$# #Q$
N: N.$ ?G$H$6 $ :( ?.:H?.N0#V3,3V $G:3 :G  G#0:30?06 30?0#HCO 
6
N.$  H$ :( G5/?:H0N0S$  N$G0"H 06# #0G$ N3V N: N.$ 6$,/
N0S$3V  .G,$# ?3H5 5$5G6$CO"$ G5/6$,N0S$  N$G0 :6
N.$ :N.$G .6# $U.00N 6 ##0N0:63 5$5G6$" N.$ :QN$G 5$5/
G6$" T.0 . #0H?3VH  .0,.  :6N$6N :( 6$,N0S$3V  .G,$# 30?:/
?:3VH  .G0#$HI H N.QH 06# (0GHN N: N.$ :QN$G 5$5G6$ 2
$3$ NG:HNN0 06N$G N0:6H" ?$6$NGN$ 06N: N.$ ?$G0?3H50 H? $ 6#
N.$6 (:G5 ?:G$H 06 N.$ 6$,N0S$3V  .G,$# ?3H5 5$5G6$CO"$
Q2GV:N0  $33 5$5G6$H" :6 N.$  :6NGGV" G$ 5063V  :5?:H$#
:( WT0NN$G0:60 30?0#H HQ . H ?.:H?.N0#V3 .:306$" ?.:H?.N0#V3/
$N.6:3506$ 6# H?.06,:5V$306" 3$#06, N: T$2 $3$ NG:HNN0 
06N$G N0:6H T0N. 5:HN 6N050 G:03 ?$?N0#$HCO'$ 6 $G  $33H"
T.0 . ?:HH$HH :63V H30,.N3V 5:G$ 6$,N0S$3V  .G,$# 30?0#H @4 7B
:( N.$ N:N3 30?0#  :6N$6NA N.6 G$,Q3G 555306  $33H" ##0N0:6/
33V  :6N06 /,3V :HV3N$# 5Q 06H '  ,3V :?G:N$06 ' 06 G$H06,
N.$ 6$,N0S$  .G,$ :( N.$0G 5$5G6$H 6# ( 030NN06, N.$ 06#/
06, :( HCO"+ 6 $G  $33H 3H: #0H?3V 6 06 G$H$# 6Q5$G
:( 50 G:S0330" 06 G$H06, N.$ HQG( $ G$ (:G 06#06, :( H
 :5?G$# N: G$,Q3G 555306  $33HCO"+" "# 
6 ##0N0:6 N: N.$
NNG N0S$ $3$ NG:HNN0 06N$G N0:6 $NT$$6H 6#  N$G03 :G
 6 $G  $33H" N.$ .0,. NG6H5$5G6$ ?:N$6N03H :( ?N.:,$6  $33H
@NV?0 33V '=+X 5 S$GHQH '=* 5 (:G 5:HN $Q2GV:N0  $33HA
( 030NN$H #0?:3$/ :G  .G,$/#G0S$6 06H$GN0:6 :( ?:G$/(:G506, ?$?/
N0#$H 06N: ?N.:,$6 5$5G6$HC="P("O"* 0633V" $Q2GV:N0  $33H
.S$  .:3$HN$G:3/G0 . 5$5G6$H" Q6302$ N.$ 5$5G6$H :( 5:HN
?N.:,$6H" 3N$G06, N.$ 5$5G6$ (3Q0#0NV 6# G$#Q 06, N.$ ?G:/
?$6H0NV (:G ?:G$ (:G5N0:6 V 56V HCO" "$
3N:,$N.$G" N.$H$ ?G:?$GN0$H :(  $33 5$5G6$H 3$# ' 06 H:5$
 H$H ' N: H$3$ N0S$ N:U0 0NV :( H ,06HN ?N.:,$6  $33H :S$G
.:HN  $33H V (:G506, 5$5G6$ #$($ NH :G ?:G$HC=" "P"O"+"#"K

6  :6NGHN N: NG#0N0:63 H533 5:3$ Q3$ 6N00:N0 H" N.0H G:#
5$ .60H5 :( NG,$N06, 6$,N0S$3V  .G,$# 5$5G6$H G$#Q $H
N.$ 302$30.::# (:G N.$ #$S$3:?5$6N :( G$H0HN6 $ :( N.$ ?N.:,$6
N: HCP('.

6 :G#$G N: #$S$3:? H N.N G$ ?:N$6N 6# H$3$ N0S$ (:G
203306, ?N.:,$6H" H$S$G3 ,G:Q?H .S$ HNQ#0$# N.$ ?:G$/(:G506,
 N0S0NV :( 6N0S$ H 6# #$S$3:?$# SG06NH (:G ?:N$6N03  $33
203306, ??30 N0:6H QH06, .0,./N.G:Q,.?QN H G$$606, 5$N.:#HCJ
6:N.$G HNGN$,V 06S:3S$#  .$50 3 5:#0(0 N0:6 :( N.$ ?$?N0#$
N$G5060 T0N. G$ N0S$ ,G:Q?H 06 :G#$G N: 3062 5Q3N0?3$ ?$?N0#$
1
htt
p:/
/do
c.r
ero
.ch
Published in "CHIMIA International Journal for Chemistry 73(1): 59–62, 2019"
which should be cited to refer to this work.
N$5?3N$ 3H: 05?G:S$# N.$ HN030NV :( N.$ G$HQ3N06, ?:G$H! :?$6/
?:G$ 30($N05$H 06 G$H$# (G:5  ($T N$6H :( 50330H$ :6#H N:  ($T
H$ :6#H  :5?G$# N: ?:G$H (:G5$# V 6:6/N$5?3N$# 35$N.0 06
5:6:5$GHC=J"=&"=7

6HN$# :( QH06, H533 5:3$ Q3$H H N$5?3N$H" 6(G$#
QNN$GFH ,G:Q? #$S$3:?$#  HNGN$,V H$# :6 0:?:3V5$GH H N$5/
?3N$H"  33$# $5?3N$/HH$53$# V6N.$N0 G:N$06H @APX
@0,C =AC 
6 N.$H$  :6HNGQ NH" ?:3V?$?N0#$  .06H  :S3$6N3V
3062$# 5?.0?.030 .$30 $H" HQ . N.N N.$ G$HQ3N06, HNGQ NQG$
(:G5$#  ?:G$ :6 $ 06H$GN$# 06N:  30?0# 5$5G6$C .$ 506:
 0# H$DQ$6 $H :( N.$H$ .$30 $H T$G$  G$(Q33V  :6HNGQ N$# N: :?/
N050W$ N.$ .$30 3  :6N$6N :( N.$ ?$?N0#$ 6# N: NQ6$ N.$0G .V#G:/
?.:0 6# .V#G:?.030 H$ N:GHCPX .$   :6 $?N TH (QGN.$G
$5?3:V$# N: N$5?3N$ $U0HN06, ?:G$/(:G506, ?$?N0#$H 06 :G#$G N:
05?G:S$ N.$0G 6N050 G:03  N0S0NV :G N: $NN$G Q6#$GHN6# N.$0G
HNGQ NQG3 ?G:?$GN0$HC=7"P= :G $U5?3$"  (:QG/.$30U Q6#3$ :(
 H.:GN H$,5$6N (G:5 N.$ /NV?$  3 0Q5  .66$3 TH #$H0,6$#
N: G$H$53$ N.$  3 0Q5  .66$3HC 	:GHN :,$3FH ,G:Q? H0503G3V
N$5?3N$# (:QG 5$30NN06 5:6:5$GH"  .0$S06, ?:G$ (:G5N0:6 N
 :6 $6NGN0:6H =XX N05$H 3:T$G N.6 6:6/N$5?3N$# S$GH0:6H :(
N.$ H5$ ?$?N0#$CP=("PP 2$6 N:,$N.$G" N.$H$ HNQ#0$H 33:T$# 
$NN$G Q6#$GHN6#06, :( N.$ HNGQ NQG$ 6# (Q6 N0:6 :( ?:G$/(:G5/
06, ?$?N0#$H 6# 05?G:S$# N.$0G $((0 0$6 V H ?:N$6N03 6N00:N0 
,$6NH V 06 G$H06, N.$0G 6N050 G:03  N0S0NV  :5?G$# N: N.$
6N0S$ ?$?N0#$HC : (G" N.$H$ HNGN$,0$H .:T$S$G #0# 6:N ?$G50N N.$
(:G5N0:6 :( 3G,$ HNGQ NQG$H  :5?G0H06, 5:G$ N.6 H$S$6 ?$?N0#$
5:6:5$GHC=J
$ (#!  # 
 # ) 
  
!!)  	 # !
$ $6N3V 6 $U?6H0:6 :( N.$   :6 $?N $5$G,$# N.N
N2$H #S6N,$ :( :30,:6Q 3$:N0#$ H$DQ$6 $H GN.$G N.6 506:
 0# H$DQ$6 $H N: (:G5 3G,$ ?:G$H 06 :G#$G N: $UN$6# N.$ 6Q5$G
:( HH$53$# ?$?N0#$H (G:5 H$S$6=J N: 5:G$ N.6 NT$6NVCPO :G
06HN6 $" 	$6606,/6$ .N$3 . C ?G$H$6N$# N.$ QH$ :(  N$5/
?3N$H N: HH$53$ N.$ 6N0S$3V .$?N5$G0 /.$5:3VH06 @	A
?G:N$06 06N: ?:G$H  :6N0606, NT$3S$" NT$6NV :G NT$6NV/H0U 5:6:/
5$GHPO @0,C PAC : #: H:" N.$ QN.:GH NN .$# H06,3$/HNG6#$#
 @HHA N: POJ/	 5QN6NH QH06, :30,:6Q 3$:N0#$H
N.N T$G$  N0SN$# T0N. 6 //53$050#: ?G:V3:UVHQ3(:/
HQ  06050#$ $HN$GC .$ G$HQ3N06, /5:#0(0$# 	 5:6:5$GH
T$G$ 50U$# T0N.  N$5?3N$H T0N.  GN0: :( * 	5:6:5$GH
(:G = 06#06, H0N$ :6 N.$ N$5?3N$C .03$ ?G$S0:QH HNQ#0$H N$5/
?3N$# N.$ HH$53V :( G$3N0S$3V H533 ?$?N0#$H N.N  :Q3# :(N$6 $
?G:#Q $# V ?$?N0#$ HV6N.$H0H" 	$6606,/6$ .N$3 . ( $5?3:V$#
5:6:5$GH 06N: ?:G$/(:G506, HNGQ NQG$HC : $6.6 $ 6N050 G:/
03  N0S0NV" SG0:QH ,G:Q?H G$ $5?3:V06,  G6,$ :( HNGN$,0$H
(:G N$5?3N06, N: 506050W$ N.$ ?$?N0#$  :6 $6NGN0:6 G$DQ0G$# (:G
?:G$ (:G5N0:6C $ $6N #S6 $H QH06, 6Q 3$0  0# N$5?3N$H
HQ,,$HN ??30 N0:6H :( N.$H$ N$5?3N$# HH$530$H $V:6# 203306,
?N.:,$6H HQ . H NG,$N$# #GQ, #$30S$GV :G G$H0HN0S$ ?Q3H$ H$6H06,
:( 0:5:3$ Q3$HC& G0,,$G$# HH$53V :( ?:G$H T0N. #05$N$GH
N.N 5V $ NQ6$# N: N.$ H0W$ :( N.$  G,: :G 63VN$ :( 06N$G$HN
5V :6 N.$ :6$ .6# $63$ #$30S$GV :( 5$5G6$/05?$G5$6N
N.$G?$QN0 5:3$ Q3$H HQ . H H07 6# :6 N.$ :N.$G .6#
$63$ 66:?:G$ H$6H06, :( H?$ 0(0 0:5G2$GHC=X .0H GN0 3$
?G:S0#$H  G0$( G$S0$T :( N.$ (0$3# :( N$5?3N$# HH$53V :( ?:G$/
(:G506, ?$?N0#$H N: NG6H5$5G6$ ?:G$H 6# $6#H T0N.  H.:GN
#$H G0?N0:6 :( N.$ :6,:06, T:G2 06 :QG ,G:Q? :6 /5$#0N$#
HH$53V :( ?:G$/(:G506, ?$?N0#$H N: ?:G$H T0N. ?G:,G553$
#05$N$GC
% !!)  
   
#! )  *#
 )   #!
6$ :( N.$ H05?3$HN 5:#0(0 N0:6H :( ?:G$/(:G506, ?$?N0#$H 06
N.$  :6N$UN :( NG0,,$G$# HH$53V N:  ?:G$  :6H0HNH 06 N.$ #05$G/
0WN0:6 :( NT: 5:6:5$GH 2 #0HQ3(0#$ G0#,$H :G :N.$G  .$50 3
5:0$N0$H  N06, H 3062$GH @0,C =AC:HN :( N.$H$ ??G: .$H $5/
?3:V$# N.$ PX/506:  0#  35$N.0 06 H 0N (:G5H ?:G$H V
N.$ H:/ 33$# GG$3/HNS$ 5$ .60H5 N.N ,G:T 6# H.G062 06 #0/
5$N$G T0N. #$(06$# H06,3$/ .66$3  :6#Q N6 $ 3$S$3H H  (Q6 /
N0:6 :( N.$ 6Q5$G :( ?$?N0#$H 06 N.$ HH$53VC*"==  ($T HNQ#0$H
T$G$ 3H:  :6#Q N$# T0N. N.$ 5$30NN06"=P 5?.:N$G0 06 =O :G
5,0606 P ?$?N0#$H=+ 6# T0N. ,G50 0#06C=* 33 N.$H$ HNQ#0$H
G$?:GN 6 05?G:S$# HN030WN0:6 :( N.$ ?:G$H 06 30?0# 5$5G6$H
 :5?G$# N: 35$N.0 06 5:6:5$GH" 3$#06, N: 06 G$H$# :?$6
?:G$ 30($N05$H (G:5  ($T N$6H :( 50330H$ :6#H (:G N.$ 5:6:5$GH
N:  ($T H$ :6#H (:G N.$ #05$GH @0,C =AC :5$ HNQ#0$H 3H: G$?:GN
05?G:S$# 6N050 G:03  N0S0NV Q? N: KX/(:3# (:G N.$ #05$G0W$#
?$?N0#$H  :5?G$# N: N.$ ?$?N0#$5:6:5$GHC=K N.$G ?:G$ HH$5/
30$H N::2 #S6N,$ :( H533 06#0S0#Q3 5:3$ Q3$H HQ . H  V 3:/
#$UNG06H=J @0,C =A" (Q33$G$6$H=& :G ?:G?.VG06H=7 H N$5?3N$H
N: (:G5 ?:G$H :( #$(06$# H0W$H T0N. Q? N: H$S$6 ?$?N0#$ 5:6:5$GHC
.$ ?$?N0#$ :(  .:0 $ 06 N.$H$ HNQ#0$H TH 35$N.0 06C=J"=&"=7
.$H$ HNGN$,0$H 3$# N: 06H$GN0:6 :( T$33/#$(06$# HNGQ NQG$H 06 30?0#
5$5G6$H 6# N:  =X/ N: =XX/(:3# #$ G$H$ 06 ?$?N0#$  :6/
 $6NGN0:6 G$DQ0G$# (:G :H$GS06, H06,3$/ .66$3  N0S0NV :G (:G
5:60N:G06, N.$ G$3$H$ :( N.$ 5$5G6$/05?$G5$6N (3Q:G:?.:G$
 3 $06  :5?G$# N: N.$  :6NG:3 $U?$G05$6N T0N.:QN N$5?3N$C
0503G N: N.$ #05$G0WN0:6 HNGN$,V" QH06, H533 5:3$ Q3$H H 
$ & '
%




	

	

(%3 /3 <6<%(7 !.6 <+0*<(,% 0.6'!.6+(,% 00<(7 <. 0.67 (, *(0( ++6,73 12 (+0* (+6(E<(., .! <B. *+<&((, +.,.+67 	  ('
7?*" 6(%3 12 .+06(7., .! ?66,< A67?7 <(+ 6.6(,%7 !6.+ *+<&((, +.,.+67 1?006 ?66,< <62 , (+67 1*.B6 <623 , <&
7 .! (+6( *+<&((, 00<(7 *.,%'*(A 0.67 B6 !.6+ 06.+(,,<*D !6.+ A, ,?+67 .! 00<(73 06(,< B(<& 06+(77(., !6.+
6!3 //3 12 +0*<(,% ?0 <. 8 *+<&((, 00<(7 B(<& D*.C<6(, +.*?*73 06(,< B(<& 06+(77(., !6.+ 6!3 /83 12 +0*<'77+*
D,<&<( 6.<(,7 .,7(7<(,% .! ++6,'(,76<(,% &*(7 , , +(,. ( &(, 7 <+0*<3 D6.0&.( , &D6.0&(*( 67(?7 B6
%6.?0 (, 7<.67 7 7&.B, (, <& &*(* B&*3 06(,< B(<& 06+(77(., !6.+ 6!3 >F3
2
htt
p:/
/do
c.r
ero
.ch
?$?5$6NGV HH5:0$N0$H  :Q3# .VG0#0W$C QGG$6N3V :QG $((:GNH
G$ (: QH$# :6 HN030W06, N.$ ?:G$H 06 30?0# 03V$G 5$5G6$H 6#
N: 06 G$H$ N.$ 30($N05$ :( N.$ #$H0G$# :?$6 HNN$ :( N.$ ?:G$H (G:5
50330H$ :6#H N: 506QN$H :G .:QGHC : #: H:" T$ G$ N206, #S6/
N,$ :( 5:3$ Q3G #V650 H H05Q3N0:6H 6# G$ $U?3:G06, SG0:QH
 .$50 3 5:#0(0 N0:6H 6# HNGN$,0$H (:G 6 .:G06, N.$ ?$?N0#$H 06
N.$ 5$5G6$C 
6 ##0N0:6 N: N.$H$ $((:GNH" T$ G$ 06S$HN0,N06, N.$
 VN:N:U0 0NV :( N.$H$ /N$5?3N$# ?:G$H N:  6 $G  $33HC 0GHN
G$HQ3NH 06#0 N$  5:G$ N.6 =X/(:3# 06 G$H$#  VN:N:U0 $(($ N :(
N.$ N$5?3N$# HNGQ NQG$H  :5?G$# N: N.$ 6N0S$ ?$?N0#$ N N.$ H5$
N:N3 ?$?N0#$  :6 $6NGN0:6C QNQG$ T:G2 T033 $U?3:G$ N.$ ?:N$6N03
:( N.$H$ #$H0,6$# ?:G$H (:G NG,$N$# #GQ, #$30S$GV"7 $UNG N0:6 :(
 $33Q3G  :5?:6$6NH" NG,$N$#  $33 203306,"&"P& 6# G$H0HN0S$ ?Q3H$
H$6H06,CP7
 &!
$5?3N$# HH$53V :( ?:G$/(:G506, ?$?N0#$H ?G:S0#$H  :5/
?$3306, :??:GNQ60N0$H N: ,$6$GN$ 5$5G6$ ?:G$H T0N. N 3$HN
(:QG #S6 $# (Q6 N0:630N0$H! 0GHN" $6.6 06, N.$ ?:G$/(:G506,
6# 6N00:N0  N0S0NV N 3:T N:N3 ?$?N0#$  :6 $6NGN0:6" T.0 .
5V $ $6$(0 03 (:G G$#Q 06, Q6T6N$# H0#$ $(($ NHC $ :6#"
06 :G?:GN06, 5:0$N0$H (:G NG,$N06, H?$ 0(0 5$5G6$H HQ . H
N.:H$ :( ?N.:,$6 :G  6 $G  $33HC .0G#" #$H0,606, ?:G$H T.:H$
06N$G63 #05$N$GH  6 $ NQ6$# 06 HQ/66:5$N$G 06 G$5$6NH V
?G$ 0H$  :6NG:3 :( N.$ 6Q5$G :( ?$?N0#$ 5:6:5$GH 06 N.$ N$5?3N/
$# HH$53VC6# (:QGN." HN030W06, N.$H$ #$H0,6$G ?:G$H HQ . N.N
N.$V $U0HN :63V 06 :6$ :?$6 HNN$ T0N. #$(06$# 0:60  :6#Q N6 $
6#  HN3$" 3:T 6:0H$ 0:60  QGG$6N N.G:Q,. N.$ ?:G$ (:G .:QGHC
.$ 030NV N: ,$6$GN$ 66:?:G$H T0N. #05$N$GH N.N  6 $ NQ6$#
N: N.$ H0W$ :( 63VN$H :G  G,: :( 06N$G$HN T:Q3# ##G$HH :6$ :(
N.$  G0N0 3 3050NN0:6H :( G$H0HN0S$ ?Q3H$ H$6H06, $U?$G05$6NH 6#
T:Q3#   $3$GN$ ?G:,G$HH 06 N.$ $5$G,06, (0$3# :( 66:?:G$/
H$# H06,3$/5:3$ Q3$ 63VN0 HC
	
	
Q6#06,! .0H T:G2 TH HQ??:GN$# V N.$ T0HH N0:63  0$6 $
:Q6#N0:6 N.G:Q,. N.$ N0:63 $6NG$ :( :5?$N$6 $ 06 $H$G .
0:/
6H?0G$# N$G03H @,G6N 6Q5$G *=+X/=+=&+7AC
$ $0S$#! :S$5$G =*" PX=&
= A C G$6" C .0" %.( ( " +" +*=" 
! =XC=XXPL@

A=X7J/
XP&P@=77&A+J!K4+*=!!
/
+-OCXCIP/I A C C 	6 : 2" 	C/C
.3" .( #.!#( 
" 0" =**=I  A C C $N$GH" C C .0GN30((" C
C G/0W2" 	 .#!* 
" ," $=XX=XKJ" 
! =XC=OJ=L1:QG63C
??NC=XX=XKJI #A C C  .;6/
8$W" C 560" C  .;6" C 6 .$W/
%H?$#$H" 
 
)##( 2( 
" $" OPO" 
! =XC=X7OL($5HG$L
(QUX=PC
P A C C 	6 : 2" C C .??3$" !. )#( !.*  #.)( "
/" =O=JI A C .0" %.( ( 

" ,," POK" 
! =XC=XXPL0?C=XPKXI  A
C C #$G" C C 	:H206" 4%( %!( !2*.( )1* 
" $" 7OO" 
!
=XC=*=JL=O*+OJ&+C=*C&C7OOI #A C 0Q3060" C 0GG0" C 0 :3$NN:" 06 E?$6
0($  0$6 $HF" :3C P" 
" ?C =" 
! =XCP+J&LH==*O*/XXJ/XX=X/*I $A C
C G:,#$6" C C G:,#$6" !.( ( !. )#( !.* 
" /" P=JI (A C
N.$ ?G:N$06 N:U06 	" T.0 . TH G$ :5066N3V $U?G$HH$# 6#
?QG0(0$#C 
6  :6NGHN" ?GQ01N . ( QH$#  G06,/H.?$#  H (/
(:3# N: HH$53$ HN3$ ?:G$H :( N.$ : N5$G0 ?:3VH  .G0#$
NG6H?:GN$G W=X @0,C PAC 
6 N.0H  H$ N.$ QN.:GH NN .$#
W ?$?N0#$H :6 :N. $6#H :( 506:/K/(Q6 N0:630W$# HH
H$DQ$6 $H  :6H0HN06, :( (:QG H$,5$6NHI NT:  $6NG3 H$,5$6NH N:
(:G5 N.$  0G Q3G N$5?3N$ 6# NT: :QN$G H$,5$6NH  :66$ N$# N:
N.$ ?$?N0#$HC :N. HNQ#0$H GG6,$# ?:G$/(:G506, ?G:N$06H :G ?$?/
N0#$H QH06, 6Q 3$0  0# N$5?3N$H" QN N.$ G$HQ3N06, ?:G$H $.S$#
#GHN0 33V #0(($G$6N3VC  ((:3#06,W 5:6:5$GH NQG6$# 6N0S$/
3V H.:GN/30S$# : N5$G0 ?:G$H 06N: ?:G$H N.N G$506$# 06 6 :?$6
HNN$ (:G .:QGH" T.03$ N.$ H0W$ :( N.$ ?:G$H TH 3050N$# N: N.$ : /
N5$G0 HH$53VC HH$530$H T0N. ($T$G :G 5:G$ N.6 $0,.NW
5:6:5$GH $0N.$G T$G$ Q6HN3$ :G ,S$ :63V N.$ H5$  :6#Q /
N6 $ H N.$ : N5$GHC=X 
6  :6NGHN" /5$#0N$# H ((:3#06,
	" T.0 . 06NG06H0 33V (:G5H .$?N5$G0 6# ?$G56$6N ?:G$H
06 30?0# 5$5G6$H ??G6N3V 5#$ 0N ?:HH03$ N: (:G5 HH$5/
30$H :( 	 T0N. #GHN0 33V 06 G$H$# #05$N$G N.N G$506$#
HN3$ (N$G 06H$GN0:6 06 30?0# 5$5G6$HCPO 
6 :N. HNQ#0$H" N.$
 N$5?3N$H T$G$  0G Q3G 6#  :6H0HN$# :( H$,5$6NH T0N. 
3$6,N. :( P= H$ ?0GH  ?3$ :( .VG0#0W06, NT: 5:6:5$GH
T0N.  :S3$6N3V NN .$# H06,3$/HNG6#$# C .03$ ?GQ01N .
C  :6HNGQ N$# N.$  H ((:3# HNGQ NQG$ (G:5 NT$3S$ #0(($G$6N
:30,:6Q 3$:N0#$H N.N .# ?G$S0:QH3V $$6  :Q?3$# N: N.$ ?$?N0#$"
	$6606,/6$ .N$3 . ( $5?3:V$#  3:6,  0G Q3G N$5?3N$ HNG6#C

6 :G#$G N: #: H:" N.$V 30,N$# 5Q3N0?3$ H.:GN :30,:6Q 3$:N0#$H N:
(:G5 :6$ 3:6, H06,3$/HNG6#$# N$5?3N$ (:33:T$# V  H$ :6# 30,/
N0:6 HN$? N:  0G Q3G0W$ N.$  HNG6#C
QG ,G:Q? .H $$6 T:G206, :6 NG0,,$G$# (:G5N0:6 :( 6 G/
N0(0 03 5$5G6$ NN 2  :5?3$U V /5$#0N$# HH$53V :(
?:G$/(:G506, ?$?N0#$H N: ?:G$H T0N. ?G:,G553$ #05$N$G H06 $
PX=K (N$G N.0H ?G:1$ N G$ $0S$# (Q6#06, V N.$ N0:63 $6N$G
:( :5?$N$6 $ 06 $H$G . @A :6 0:/
6H?0G$# N$G03H
V N.$ T0HH N0:63  0$6 $ :Q6#N0:6 @AC 
6  :6NGHN N:
T:G2 V 	$6606,/6$ .N$3 . ( 6# ?GQ01N . (" T$ $U?3:G$#
NT: ?:G$/(:G506, ?$?N0#$H (:G /5$#0N$# ?:G$ HH$53V! (0GHN
N.$ ?$?N0#$ $3*"P+ T.0 . 0H  #$G0SN$ :( 5$30NN06P* T0N. (0S$
506:  0# G$?3 $5$6NH 6# H$ :6#"  $GN:N:U06 @NUA" T.0 .
0H ?G:#Q $# V N.$ 5$#(3V )..* %.. N: ?G:N$ N 0NH $,,H
,06HN 50 G:03 NN 2CPK $ Q3N05N$3V  :6#Q N$# 5:HN :( :QG
T:G2T0N. NUPJ H N.0H ?$?N0#$ 0H 06NG06H0 33V 3$ N: (:G5 ?:G$H
V N.$ GG$3/HNS$5$ .60H5 (G:5 SG0:QH 6Q5$GH :(5:6:5$GH
6# N.$G$(:G$ HH$53$H N: ?:G$H T0N. SG0:QH #05$N$GH" H0503G N:
35$N.0 06CPK "# NU 6# 0NH 5:#0(0$# S$GH0:6 T0N.   :S3$6N3V
NN .$# H06,3$/HNG6#$#G$ (QGN.$G5:G$ S033$ (G:5 :5/
5$G 03 H:QG $H N.G:Q,. H:30#/?.H$ ?$?N0#$ HV6N.$H0H" S:0#06,
N$#0:QH  .$50 3 5:#0(0 N0:6 6# ?QG0(0 N0:6 HN$?H 6# $6306,
HNG0,.N(:GTG# H$DQ$6 $ :?N050WN0:6 :( N.$ ?$?N0#$ 0( #$H0G$#C
: (G" T$ .S$ $$6 3$ N: NG0,,$G N.$ HH$53V :( ?:G$H T0N.
(:QG #0(($G$6N 6# ?G$#0 N3$ ?:G$ #05$N$GHC : #: H:" T$ ##$#
HH N$5?3N$H T0N. ?G:,G553$ 6Q5$GH :( .VG0#0WN0:6
H0N$H N: T.0 . NU ?$?N0#$H T0N.  :S3$6N3V NN .$#"  :5?3$/
$ %
/LSLG ELOD\HU
WUDQV
FLV
 S$


S$
 PV
(%3 >3 '+(< 77+'
*D .! 0.6'!.6+(,% 00<(7 .6
06.<(,7 +)7 (< 0.77(* <. 7'
7+* 0.67 B(<& *6% (+<63
12 +0*<(,% .! '&+.*D7(, <.
0.67 B(<& ", ,?+67 .!
+.,.+67 <. A6(.?7 7(E7 7 60'
67,< D (7<(,< .,?<,
0.0?*<(.,7 (, <& A,< &(7<.%6+3
06(,< B(<& 06+(77(., !6.+ 6!3
>=3 12 '+(< 7!!.*(,%
.! E 00<( +.,.+67 6+<'
(**D (,67 <& .0,'7<< *(!'
<(+ .! .<+6( 0.673 06(,<
B(<& 06+(77(., !6.+ 6!3 /F3
3
htt
p:/
/do
c.r
ero
.ch
=& C Q6," C $#$566" C G:33" C $#$G" C 	0GH ." C :.$05" ( %.(
C 
	" "" J&+" 
! #:0!=XC=XXPL?H C*P*C
=7 A C C 2$G($3#N" C C 05" C 5 " C C G:S$H" C C $G" C C
$G#:" (  (  ( #( 
" $$" 7K*K" 
! =XC=XP=L1XXX*XX*+I
A C C HH6$G" C C 	QGN" C C $G" C C 2$G($3#N" )( 	..( 

" "
=K+J" 
! =XC=XP=L:3XP*KK&HC
PX A C QNN$G" )!* # ( C " $/" PKX" 
! .NN?H!LL#:0C
:G,L=XC=X=KLX7K&/XXX+@&&A7X=*7/+I A C QNN$G" C Q033$Q50$G" !3(
 ( !.( ( " 0" *O*" 
! #:0!=XC=XXPL60$C=7&7X*O*OI  A C
QNN$G" C C Q .H .$G$G" C 033$G" C 	C 3N566" C 
C G$V" C C
VHH" C C .G#N" C C 0S0$G" (  (  ( #C 
" $$" =+KO"

! =XC=XP=L1XXXOXX+7C
P= A C :6N3" C C :6N3" C C :50 ." )#( . ( ( 
" &J" K7P7" 
! =XC=XJOL?6HC&JC=&CK7P7I A C G:S$" C QNN$G"
C C 0S0$G" C :6N3" (  (  ( #( 	" $$" *7=7" 
! =XC=XP=L
1XXXKJXX+I  A C G:S$" C C :50 ." C 
T5:N:" C :6N3" )#.!
( 	" 0" =7=&" 
! #:0!=XC=XXPL?G:C**KXXP===OI #A C 3NN/:6N3"
C C R.3$G" C 
T5:N:" C C :50 ." C :6N3" ( #(  ( 	"
0," =+KX=I $A C C $##V" C 
T5:N:" C C :50 ." C :6N3" ( #(
 C 	" 0," =+KX&I (A C T32" C $H$N." C .6?3" C QNN$G"
	C :,$3" )#.! ( " /" =J&&I ,A C NHQG" C H50" C 2,0"
C 0H.06:"  ( #  1!( " PXK7C
PP C $GG$NNW" C V$G" 	C :,$3" 	! 1) 
	" $"" **KJ" 
! =XC=XP=L
3XO+=7JSC
PO C 	$6606,/6$ .N$3" C 6$ .N$3" C ,W:Q" 1 * *( 
"
,2U77X" 
! =XC=X7OL6GL,2U77XC
P+ A C0$#56" C QH$30$G" C 	$" C C $GH:6" C 	G0HN:S"C C053$V" (
 (  ( #( 
" $/," +JP+" 
! =XC=XP=L1*XX+KPHI A C 0$#56"
C C 053$V" C 	G0HN:S" # ( #%5*( . &' #  C 
"
$" 7*=" 
! .NN?!LL#UC#:0C:G,L=XC=X=KL1C5$5CPX=+C=PCXPOI  A C
0$#56" CC 05" C ?N/$G #:"C C053$V" C 	G0HN:S" (  (
 ( #( 
" $/"" 7OJ" 
! =XC=XP=L1 HCK==++JI #A C C ::" 	C
$$" 5*  5* 
" $"" J=7*" 
! =XC=XO7LKXK&O+I $A
C $66:QG0" C C V$G" C C 	C  .G:$#$G" C V$G" # ( #%5*(
. &' #  ( 
" $" PX*=" 
! .NN?H!LL#:0C:G,L=XC=X=KL1C
5$5CPX=JCXJCXX*C
P* A C 50N." C $?G:S0 " C C 036$" C .0NN2$G" C C $66$NN" C C
:G6$33" C 2G0V660H" ( 
#( #( " 0$" +*K" 
! .NN?!LL#UC#:0C
:G,L=XC=XXKL150C=77+C=*PXI A C/	C 06" C Q5,$GN6$G" #%5*( (

" +" =J=+" 
! .NN?!LL#UC#:0C:G,L=XC=X=KLXXXK/O+7*@XXAJKJPO/OI  A
C 1H20" C G1/G.:S " !2)#!( #4#( ) #C 
	" /," K7J"

! .NN?!LL#UC#:0C:G,L=XC=X=KL1C$N?CPX=OCXKCXX7C
PK A C G .060" C C $G6060" C GG0" C C 0:G#6:" C 330"
!*. # ( " 0$" *7J" 
! .NN?!LL#UC#:0C:G,L=XC=X=KLXXPX/
=J7X@7=A7XXP7/I A C G .060" C C 0:G#6:" C 5:6H" C C $G6060"
C 330" !*. # ( 
#( #( 	" 0/" *7=" 
! .NN?!LL#UC#:0C
:G,L=XC=X=KLX7K*/=J+&@7OA7XXOP/I  A C 06N" C GG0" C G .060"
C :33$" %.* 
	" 0" =JJ7" 
! .NN?!LL#UC#:0C:G,L=XC=X=KL1C?$?/
N0#$HCPXXOCX7CX=*I #A C $HH06" C 06N" C GG0" C G .060" C :33$"
# ( #%5*( . &' #  ( 
" $,,+" =+&" 
! .NN?!LL
#UC#:0C:G,L=XC=X=KL1C5$5CPXX+CX7CX==C
PJ C C V$G" C $66:QG0" C 6," C V$G" #%5*( ( 
" $$0" =*O"

! .NN?H!LL#:0C:G,L=XC=X=KL1C?1CPX=KC==C&+XC
P& A C C 0($330" C C .Q6," 	C 0Q" C G6,20:" C V$G" C 6," 
 ( 1)#*( 
" +" K&P" 
! =XC=XP=L H .$56$QG:CKXXX&*I A C
	:Q,.N306," C 0HN" C V$G"   
" =&XP+=P" 
! #:0!=XC=XXPL
H533CPX=&XP+=PC
P7 A C C QH2:" C C :.6H:6" C 1#" C G6,20:" C C :3306,H" C 0"
C 6," C V$G" .( !#C 
" ," P*O" 
! .NN?!LLTTTC6NQG$C :5L
666:L1:QG63LSKL6+LHL666:CPX==C=PC.N539HQ??3$5$6NGV/06(:G5N0:6I
A C $66:QG0" C GWVV3H20" C HN:G0W/33$,:" C  G0" C QSGV" C
60$3"  !# 

" ," 7KJP" 
! =XC=XP=L66OXO=X+JI  A C $66:QG0"
C 60$3" C HN:G0W/33$,:" C QSGV" C $3N" C  G0" !(  (

	" " &+&&" 
! =XC=XP=L +XPX7P7I #A C C QH2:" C C GQ.6" C
C :3306,H" C 0" C $?N" C V$G" #%5*( ( 
	" $6" *PP" 
!
.NN?H!LL#:0C:G,L=XC=X=KL1C?1CPX=PC==CP&&&C
Q" C 0$G" C $6W" C C C 	6 : 2" # ( " /" JPO*" 
!
=XC=XP=L07&PKP77I ,A C C C 	6 : 2" 	!. !.( *( 
" $" =*K"

! .NN?!LL#UC#:0C:G,L=XC=X=KL=+JO/OX77@X=AXXX7P/*I .A C H3:(("
.1) 

" $" O&7C
O A C .6," C $6W" C C C 	6 : 2" # ( " /" &=XP" 
!
=XC=XP=L077X+=X+I A C C 	:H206" C 55::GN.V" # ( #%5*(
. &' #  ( 
" $++" O*J" 
! .NN?H!LL#:0C:G,L=XC=X=KL1C
5$5CPXXJC==CXX&I  A C NHQW20" C/0C Q,0H.0N" C 	G#" C Q100"
C 0V105" # ( #%5*( . &' #  C " $/0+" ==7"

! .NN?H!LL#:0C:G,L=XC=X=KLXXX*/PJOK@7JAXXX*=/*I #A C :.6$G" C
N3" C 
C $.G$G" C 6W" # C " /," =*P*I $A C  .50#N .$6"
C HQ?Q3$N0" C 35HN$6" 2( #( !.)( ( 
" 06" PK*" 
!
.NN?H!LL#:0C:G,L=XC=X=KL1C 0HCPX=OCXKCXX7C
+ A C ?:"C .0" ( 
#( 	 ( 
	 
" KP" J&+" 
! =XC=XXJL
HXXX=&/XX*/+*KX/PI A C C 	:3306,HT:GN." C C T6H:6" .( 2(
!) 
" " +*" 
! =XC=XO&L6G =P*= .NN?H!LLTTTC6NQG$C :5LGN0 3$HL
6G =P*=9HQ??3$5$6NGV/06(:G5N0:6I  A C .$6" C $" C 6," C 0" C
6," C $6" C 06" C Q0" C C 	Q" C 	Q" )!#*.* 
" ," =&&JI
#A 	C QNN566" C $NW" C Q3H$6" C 	G#$G" C T$G,$3" C 5G#N" C
Q330 ." C 6N$G$,,$G" C N< 23$" C $.566" 
 )##5 
" " *"

! =XC==&KL=+J=/P+7X/&/*C
* A C V$G" C C G0$$3" C C :HN$H:6" C C .0N$H0#$H" #%5*( (

	" " PK&+" 
! .NN?!LL#UC#:0C:G,L=XC=X=KLXXXK/O+7*@XOAJ+K7=/&I A
C V$G" C $5$N$V" 
C 0N306" C 6," C C .0N$H0#$H" (  (  (
#( 
" $/6" =+*O" 
! =XC=XP=L1XJJ***(C
K A C 6," C 	C 6" C/C 6," C C 6," C 05" 
C/C G2" C/C
	.5" CC .06" %.* 
" /$" =P*=" 
! .NN?!LL#UC#:0C:G,L=XC=X=KL1C
?$?N0#$HCPX=XCXOCXOPI A 	C $6HH$6" C 	5033" C C 	6 : 2" !(

)##( 2( 
" $"" +7=C
J A C 	03?$GN" C :325$G/6,$GN" C 3N$G" C C 	6 : 2" .( #.!#C

" 0/" =XX&I A C C GQH:6" C 	$" C C 053$V" (  (  ( #(


" $/" =PJOP" 
! =XC=XP=L1OX+PXX+I  A C N.062Q5G" C C
32$6.:GHN" C C 053$V" (  (  ( #C 
" $/$" JKX7C
& C 1#" C C QH2:" C C 033$." C C  G$" C 6," C V$G" 1))(
%!( #.!#( 
" 0$" +O7" 
! .NN?!LL#UC#:0C:G,L=XC=X=KL1C :?/
0:CPX=XCX*CXXPC
7 C 0" C 0 :3" C C W:2 G" 2( )1 2( 2( 
" ," 7KJC
=X C ?GQ01N" C C QH2" 	C V3$V" .( !#.!#( 
" 
! =XC=XO&L
H+=*K*/X=&/X=O7/KC
== A C :Q" C $6," C 0$6" C G$$#" C C C 6H:5" C C ::33$V"
# ( " /" KPP*" 
! =XC=XP=L07*P7P=KI A C C C 02G6" C
C 0,,06" 	C$6H .Q."C C C 6H:5" CC::33$V" # ( " /,"
=O&JO" 
! =XC=XP=L07J=K=OXI  A C C::33$V" C C 0,,06" C  .Q3NW"
C 0$6" C C 02G6" C G$$#" C G:T.QGHN" C C 6H:5" #%5*(
( " +/" JJX" 
! .NN?H!LL#:0C:G,L=XC=X=KLXXXK/O+7*@7JAJ&=X7/
&I #A C 2W20" C 2:." C ,:2" C H50" #%5*( ( 
	" "
PKJ" 
! =XC=X=KLXXXK/O+7*@XOAJ++JP/*I $A C 2:." C 2W20" C
,:2" C H50" # ( #%5*( . &' #  ( 
	" $,$0"
==J" 
! .NN?H!LL#:0C:G,L=XC=X=KLXXX*/PJOK@XOAXX==X/I (A C 2W20"
C ,:2" C H50" #.)# ( 
" +6" O&X" 
! .NN?H!LL#:0C
:G,L=XC=X=KL1C0:$3$ .$5CPXXKCX*CXX*I ,A C C ::33$V"  ( #2)*C

" " =OPO" 
! =XC=XXPL #SCPXXJ7X==OC
=P C 2$0" C $5%6V0" C C 3G2$" C C $5?H$V" # ( " /+"
*K77" 
! =XC=XP=L07JP7XXJC
=O C NHQ5:G0" C 510" C NHQ:2" C 0H.0" C QGN" (  (  (
#( 

" $0" +=&X" 
! =XC=XP=L1X=PXPKC
=+ C Q20"C NHQH.0N" C 00#:5$" C 	N$2$V5" 	C :V," ( %.( (


" " *JX" 
! =XC=XXPL?H C+=KC
=* C C N62:S0 " C 	C 	$06$566" C C $3)6:" C C 0,T:GN." C C
 .G$0$G" ! " 0" &=OC
=K C .5G0" C %N:QG6$Q" C 1::Q306" C .N$6$N" C %W0$3" C
HN:6,QV" C $GG$Q3N" 	  
" $0" $X=JOJ&O" 
! =XC=OJ=L
1:QG63C?:6$CX=JOJ&OC
=J C C 	1>GG06,,G#" C C #" C C N .2:S" C C 0$3H$6" C :H$,G#"
C C 0$3H$6" C C NW$6" C 2GV#HNGQ?" ( 5*(  (  

" $$," JK*P"

! =XC=XP=L1?PX7&KJ7C
4
htt
p:/
/do
c.r
ero
.ch
